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The possible  role of proteolytic  enzymes in  the  mechanism  of anaphylactic 
and anaphylactoid  phenomena  was suggested in the early literature  (1-3)  and 
it  was supported  by some experimental  evidence  (4,  5). 
In a  series of papers between  1947 and  1956  (6-11)  we reported results indicating 
that (a) addition of specific antigen or anaphylactoid agents (peptone, polysaccharides) 
to isolated  tissues or serum of guinea pigs resulted  in increased'protease action;  (b) 
tissue proteolysis was correlated with the release of mediators, particularly liberation 
of histamine;  (c) activation of serum proteolysis required  the presence of some ther- 
molabile component, possibly related to complement. 
Reviews of the problem (12-15) have shown that it has become a controversial issue: 
some of our results were contested  (16-19),  some confirmed  (20-27)  or rediscovered 
(28,  29). 
The  present  paper  reports  further  evidence  of protease  activation  in  body 
fluids and tissues accompanying different  types of allergic responses in several 
species.  By the use of more specific methods,  protease activation proves to be 
a phenomenon of great intricacy involving complex interactions between several 
enzyme systems. Contradictory data reported in the literature can be explained 
by use of methods of varying sensitivity and specificity,  by species differences 
and by discrepancies in terminology. 
Methods and Materials 
Sensitization Procedures.--Guinea pigs of both sexes, weighing about 250 gln., received a 
single subcutaneous  injection  of 5 rag.  egg albumin  (soluble egg albumin,  Fisher  Scientific 
Co.).  Sensitization  was evaluated  by passive cutaneous  anaphylaxis (30). Amounts of 0.1 
ml. of sera from sensitized  guinea pigs were injected  intradermally to normal albino guinea 
pigs. Two hours later, 2 m]. per kg. of a solution containing  10 rag. Evans blue and 20 rag. 
egg albumin per ml. was injected intracardially.  Mter a further interval of 1 hour, the animals 
were sacrificed, the dorsal skin removed, and the blue areas visible on the inner surface of the 
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skin were traced on transparent paper.  Under constant conditions, the blue area is believed 
to be proportional to the antibody content of serum. 
Reverse anaphylaxis was  induced  by an  anti-guinea pig rabbit serum prepared  by  in- 
jecting guinea pig serum to rabbits. Lyophilized guinea pig serum, equivalent to 10 ml., was 
suspended in 10 ml. Freund's adjuvant  (bacto-adjuvant complete, Difco).  Amounts of 0.25 
ml. were injected intraperitoneally to rabbits twice a week for 3 weeks. The rabbits were bled 
2 to 4 weeks after the last injection; their serum was pooled, lyophllized, and kept at -  20°C. 
Antibody content of the serum was measured by precipitation tests and by its action on guinea 
pig skin (31). 
Sensitivity of mice to peptone was enhanced by intraperitoneal injection of Itemophilus 
pertussis; each mouse (Swiss-Webster strain, all females, 20 to 30 gin.) received 0.2 ml.  (1.2 
X  109 organisms) of standardized pertussis vaccine, phase 1, Lederle. These mice, when, 6 
to 10 days later, were given 150 rag. of peptone (proteose-peptone, Difco) intraperitoneally, 
died within 1 hour in the proportion of 18 out of 20. No deaths occurred in mice given the 
same amount of peptone without previous pertussis injection. 
Preparation of Body Fluids and Tissues.--Blood  samples were collected by heart puncture 
or after decapitation. Mter separation, the serum was used immediately or frozen and kept 
at -- 20°C. In some experiments, serum was lyophilized and reconstituted before use. 
Serum was activated, as described previously (7~ 9), by adding egg albumin, peptone, or 
agar  (bacto-agar, Difco) in specified amounts. Mter shaking for 5 minutes for the antigen- 
antibody reaction and peptone or 15 minutes for agar, the mixture was diluted twentyfold 
with distilled water and the pH adjusted to 5.4 to 5.2 with acetic acid. The precipitate was 
collected by centrifugation and redissolved in saline to the original volume of serum. Control 
samples were treated in the same way but, instead of the activating agent, the same volume 
of saline was added. 
Mouse peritoneal exudate was collected over a funnel after opening the abdominal cavity. 
This was done shortly after death or, in survivors, 1 hour after peptone injection. The samples 
were centrifuged to remove the sediment and the supernatant was tested without any attempt 
at fractionation. When the globulins of the exudates were precipitated out, they contained 
only a small fraction of the protease activity. 
Urine samples were collected in metabolism cages. They were centrifuged and the super- 
natant was treated with ammonium sulfate at  half saturation.  The precipitate was resus- 
pended in distilled water, dialyzed at 20°C for 24 hours and adjusted to the original volume 
before use. 
Guinea pig  lung slices were  prepared  according to  the  technique described  previously 
(32, 6, 10). The lung was collected from exsanguinated animals, washed in saline, and passed 
through a tissue mincer delivering fragments of 2 to 3 mm. in diameter. 
Human  skin  specimens from  surgically  amputated  breasts were  obtained  through  the 
courtesy of Dr. F. E. Cormia, of the Department of Dermatology, Cornell University Medical 
School, New York.  They were transported in warm Ringer solution and used within a  few 
hours after removal. Before use,  the subcutaneous tissue was separated and discarded and 
the skin was sliced with a Stadie-Riggs microtome to a thickness of about 0.5 mm. The slices 
were mixed so as to include all the layers of the skin in each sample. 
All tissue slices were washed in saline, blotted, and weighed into samples of 100 rag. each. 
Guinea pig lung was activated by egg albumin or by anti-guinea pig rabbit serum.  Human 
skin was activated by croton oil (Dodge and Olcott, Inc., New York) or a poison ivy extract 
(dilution 1:10 in absolute alcohol; Hollister-Stier Laboratories, Los Angeles). 
Measurement of Proteolysis.--In  most of the experiments, protease activity was measured 
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methyl ester (TAMe),  1 benzoyl-L-arginine ethyl ester (BAEe),  2 N-acetyl-r.-tryptophan ethyl 
ester  (ATrEe)  a purchased  from Mann  Research Laboratories,  New York,  and  N-acetyl-L- 
tyrosine ethyl ester (ATyEe)  4 obtained from Nutritional Biochemicals Corporation, Cleveland. 
The substrates were dissolved at 0.05 x,, TAMe and BAEe in distilled water, ATrEe and 
ATyEe in 50 per cent ethylene glycol. Measurement of hydrolysis was done with a  mano- 
metric method  by reading  the pressure  of CO~ released from a  bicarbonate  buffer by the 
carboxylic acid set free in the course of the hydrolysis. The enzyme-containing preparation 
was placed in the main compartment of the Warburg flask,  together with 0.3  ml. of a 0.2 ,x 
solution of COsNaH. The substrate, 0.4 ml. was in the side-arm. The total volume was made 
up to 4 ml. with saline. Mter gassing the pH was 7.5. The manometers were gassed  with 5 
per cent CO,-95  per cent N, for 10 minutes and equilibrated for another  10 minutes. Mter 
closure of the manometers the substrate was mixed with the enzyme. 
For measurement of enzyme activity in tissue slices,  Warburg flasks  with two side-arms 
were used: one side-arm contained the substrate,  the other the antigen or other activating 
agent. The substrate was tipped in first, followed immediately by the antigen. 
The manometers were read at 20, 40, and 60 minutes. In most cases,  the reaction followed 
zero-order kinetics and the results are expressed  in terms of/z~r of substrate hydrolyzed per 
hour and per milligram of enzyme, milliliter of body fluid,  or gram of wet weight of tissue. 
The following enzymes were obtained from commercial sources: Crystalline trypsin and 
chymotrypsin  from Armour and  Co.,  papain  from Worthington  Biochemical Corporation, 
thrombin topical from Parke,  Davis and Co. Bovine plasmin was obtained through courtesy 
of Dr. E. C. Loomis, Research Laboratories, Parke,  Davis and Co., Detroit. Urokinase was 
sent to us by Dr. J. Ploug of Leo Pharmaceutical Products, Copenhagen. Samples of serum 
kallikrein were generously supplied by Dr. M. E. Webster of the National Heart Institute, 
Bethesda.  Pancreatic kallikrein (padutin)  was obtained through the courtesy of Winthrop- 
Steams, Inc., New York. Human plasmin (by streptokinase activation) and urinary kalllkrein 
(by the method of Kraut, Frey, Werle, and Schultz, 33) were prepared in this laboratory. 
In a few experiments, the clot lysis method of Fletcher (34) was used as modified by Ploug 
and Kjeldgaard (35). In this technique the end point of the reaction is indicated when a glass 
bead, placed on top of the fibrin clot, reaches the bottom of the tube. 
Kinin formation was tested according to a  modification (36)  of the method of Rocha e 
Silva, Beraldo,  and  Rosenfeld  (37).  The enzyme preparation  was incubated  for 5 minutes 
with a solution of heated dog globulin (dog serum was heated at 56°C. for 3 hours, the globulin 
precipitated  by  ammonium  sulfate  at  half-saturation  and  dialyzed).  Mter  incubation,  2 
volumes of boiling 95 per cent ethanol were added and  the mixture was kept boiling for 5 
minutes, faltered and the filtrate evaporated to dryness. The residue, dissolved in saline,  was 
assayed for kinin activity on isolated rat uterus. The effect was compared to that of a standard 
bradykinin preparation kindly supplied by Dr. Rocha e Silva of Ribeirao-Preto, Brazil. 
Because of their semiquantitative nature,  the results obtained by the two latter methods 
are given only in qualitative terms. 
The following enzyme in/fibitors were used: crystalline soy bean trypsin inhibitor (SBTI) 5 
and  Na p-chloromercuribenzoate  (PCMB) s  (obtained  from  Nutritional  Biochemicals Cor- 
poration,  Cleveland), cysteine HC1  (Fisher  Scientific Co.)  and  Na  salicylate A.  R.  (Mal- 
1  TAMe, p-toluylsulfonyl-L-argirrine  methyl ester. 
2 BAEe, benzoyl-L-argiulne ethyl ester. 
s ATrEe, N-acetyl-I~tryptophan ethyl ester, 
4 ATyEe, N-acetyl-L-tyrosine ethyl ester. 
s SBTI, soy bean trypsin inhibitor. 
6 PCMB, p-chloromercuribenzoate. TABLE  I 
Protease Activity of Sensitized  Guinea Pig Globulins 
Day 
Mean ...... 
"4- S.D  ....... 
10 
10 
14 
14 
16 
16 
MeRn ...... 
-4- S.D  ...... 
20 
20 
22 
22 
24 
24 
25 
25 
28 
28 
4.2 
4.2 
9.(1 
5.8 
9.4 
3.6 
2.2 
7.1 
2.6 
6.4 
3.7 
3.2 
i5 
2.0 
2.3 
1.65 
4.2 
5.3 
5.4 
4.4 
2.9 
2.7 
3.5 
3.75 
TAMe 
As 
3.75 
5.2 
10.0 
6.2 
10.0 
3.4 
6.4 
2.9 
6.2 
7.7 
2.5 
6.6 
6.0 
3.1 
5.35 
2.1 
3.8 
4.0 
3.5 
8.6 
5.3 
6.4 
2.8 
4.9 
6.9 
7.3 
Mean ......  3.6  5.4* 
4- S.D  ......  1.2  2.0 
3.75 
2.5 
6.2 
11.6 
3.0 
7.5 
4.9 
3.1 
31 
31 
32 
32 
34 
34 
38 
38 
6.5 
4.3 
6.9 
12.8 
5.9 
9.9 
7.6 
3.5 
Mean ......  5.3  7.2 
-4- S.D  ......  3.1  3.0 
41 
41 
42 
42 
48 
48 
Mean ...... 
4-  S.D ...... 
15.0 
3.9 
6.25 
6.0 
5.1 
5.7 
7.0 
4.0 
17.4 
5.0 
6.7 
5.7 
5.8 
4.9 
7.35 
4.8 
A 
--0.45 
1.0 
1.0 
0.4 
0.55 
0,75 
0.35 
0,6 
3.6 
0.6 
-0.1 
0.2 
2.3 
-0.1 
1.1 
1.5 
1.5 
2.35 
-0.7 
3.3 
-0.1 
2.0 
-0.1 
BAEe 
PCA 
m  m  fl 
0 
0 
0 
6 
0 
0 
1 
I00 
0 
0 
17 
83 
59 
43 
43 
211 
175 
0 
112 
10 
129 
287 
242 
146 
104 
196 
185 
57 
128 
290 
244 
127 
161 
80 
37 
0 
252 
115 
16 
53 
79 
93 
* Significantly 
:~ Significantly 
different  from  control  (P =  0.05  -- 0.02) 
different  from A  1  to  10  days  (P  <  0.002) 
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linkrodt).  The inhibitors  were mixed with the enzyme in the Warburg  flasks for about 30 
minutes  before addition  of the substrate. 
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FIo. 1.  Protease activity on four synthetic substrates/n sera from sensitized guinea pigs. 
Abscissa: days after sensit~tion; ordinate:  difference between anfigemtreated  and control 
samples  (left);  area of passive cutaneous  anaphylaxis  in ram.  2 (0  = 0).  Hydrolysis  of 
TAMe, BAEe,  ATrEe,  and ATyEe. Each point represents  the mean value over a  10 day 
period. For details, see Table I. 
RESULTS 
Pro~ase Activation  in Aerum.--In  a  first  series  of experiments  an attempt 
was made to find out in a manner as unequivocal as possible whether antigen- 
antibody reaction in gu~ea pig serum gives rise to protease activation. A group 
of sensitized guinea pigs were sacrificed and bled at varying intervals from the 
1st to the 48th day.  Protease activity of the globulin fraction was measured 
with  and  without previous addition  of antigen  to the  serum. 
Table I  shows the detailed results obtained in 36 animals on two of the four 
synthetic  substrates  used.  The degree of sensitization  of each guinea pig was 
expressed in terms of the blue area  (in square millimeters)  produced by their 
serum in passive cutaneous anaphylaxis. Mean values were calculated for each 364  PROTEOLYSIS  AND  ALLERGY 
10 day period and it is seen that no significant differences were detected between 
control and antigen-treated sera for the first 10 days. During the following 20 
days, the action on TAMe increased. In spite of considerable individual varia- 
tions, the difference between controls and antigen-treated sera was significant 
by the t test during the period between 20 and 30 days. The difference between 
TABLE II 
Protease  Activity  of Guinea  Pig  Globulin  in  Reverse  Anaphylaxis 
Anti-serum 
None; normal rabbit 
serum 
Guinea pig serum 
ml./ml. 
0.2 
0.2 
0.25 
0.25 
Controt 
~M/hr./ml. 
3.6 
4.2 
3.6 
4.2 
TAMe 
Anti-serum 
u~/hr./mL 
3.7 
4.0 
3.8 
4.15 
A 
u.~lhr./ml. 
0.1 
--0.2 
0.2 
--0.05 
Mean ............  3.9  3.9  0 
-4- S.D  ............  0.4  0.2 
Anti-guinea pig rab- 
bit serum 
0.02 
0.05 
0.1 
0.2 
0.2 
0.2 
0.225 
0.25 
0.25 
0.25 
0.3 
0.5 
2.3 
1.4 
3.7 
3.7 
3.6 
4.2 
1.8 
5.2 
4.2 
3.7 
4.8 
4.8 
3.5 
3.4 
4.9 
5.0 
5.0 
5.7 
3.25 
6.7 
7.9 
5.9 
5.6 
5.3 
1.2 
2.0 
1.2 
1.3 
1.4 
1.5 
1.45 
1.5 
3.7 
2.2 
0.8 
0.5 
Mean ...........  3.6  5.2  1.6 
-4-  S.D ...........  1.2  1.4  0.8 
.P =  0,.01 -- 0.001 
the amounts activated during the first 10 days and the 30 to 40 day period was 
also significant  (P  <  0.002).  Protease activation on TAMe  declined after 40 
days until the end of the observation period. Some activation was also observed 
on BAEe but it was too irregular to be statistically significant. 
Action on the two aromatic amino acid esters (ATrEe and ATyEe) remained 
unaffected  throughout  the  experiments.  Fig.  1  shows  the  mean  values  for 
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of the control value, but it is well correlated with the state of sensitization and 
at the peak of the reaction it is statistically significant. 
The same phenomenon was observed in reverse anaphylaxis in which anti- 
guinea pig rabbit serum was added to normal guinea pig serum. Table II shows 
that antiserum added in amounts of 0.02 to 0.25 ml. per ml. of guinea pig serum 
produced a regular increase in TAMe hydrolysis. Higher amounts of antiserum 
seemed to have less effect. Normal rabbit serum was ineffective. The amounts 
of protease activated were of the same order as at the peak of the direct an- 
aphylactic reaction. 
Activation of guinea pig serum by peptone was described by us in 1949  (7) 
and it was repeatedly confirmed in recent years (24, 38,  19, 39). Table III shows 
that peptone activation is considerably more marked than that produced  by 
TABLE III 
Protease Activation  of  Guinea Pig  Serum  by  Peptone 
Substrate 
TAMe ......................... 
BAEe ......................... 
ATrEe ........................ 
ATyEe ........................ 
Control 4- S.D. 
5.0  -4-  1.5 
3.3  4-  1.2 
0.7  4-  0.4 
1.5  4-  0.6 
Peptone*-4-s.v. 
21.0  4-  5.0 
25.8  4-  5.2 
1.3  4-  0.5 
2.9  4-  1.5 
16.0 
22.5 
0.6 
1.4 
* 25 mg. peptone per ml. serum; 5 minute contact.  Results expressed in #M substrate 
hydrolyzed per hour per milliliter serum. Means of 6 experiments 4- standard  derivation 
(S.D.). 
the antigen-antibody reaction. It should be noted that the effect on BAEe is 
consistently higher than that on TAMe. 
In  1949,  we  also  described  activation  of guinea  pig  serum  by a  series  of 
polysaccharides  (7).  This  was  subsequently  confirmed  by  several  workers 
(20,  22, 25). It is seen in Table IV that, by the use of the synthetic substrates, 
activation of guinea pig serum by agar is shown to be of the same type and of 
almost exactly the  same magnitude  as peptone activation. 
Rat serum did not show any activation when treated with peptone.  Under 
the  influence  of agar,  however,  significant  increase  in  protease activity was 
observed, Table V, giving the mean values obtained in 8 experiments, shows 
that activation extended to all four substrates used.  An important difference 
between activated guinea pig and rat sera is that the latter have no fibrinolytic 
activity (as tested by the clot lysis method) and do not form kinins. 
Mice, like rats, are insensitive to peptone. By pretreating mice with pertussis 
vaccine,  it  was,  however,  possible  to  obtain  a  high  mortality  after 
intraperitoneal  injection of 150  mg. of peptone.  When  serum from pertussis- 
prepared mice was mixed  with  peptone and  the  globulin  fraction  tested  for 366  PROTEOLYSIS  AND  ALLERGY 
protease activity, the results were exactly the opposite of those obtained with 
guinea pig serum  (Table VI).  The protease activity which disappeared from 
globulin, under the  influence of  peptone  was  not  recovered  in  the  albumin 
fraction. The latter was prepared from the supernatant of the isoelectric pre- 
cipitation after dialysis and lyophilization. 
Mouse  Peritoneal  Exudate.--When  peptone  was  injected intraperitoneally 
1o mice, whether pretreated by pertussis or not, an exudate was formed which 
TABLE IV 
Protease Activation in Guinea Pig Serum by A gar 
Substrate 
TAMe .......................... 
BAEe .......................... 
ATrEe ......................... 
ATyEe ......................... 
Control 4- S.D. 
2.2  -4-  1.0 
3.1.4.  1.4 
0.6 -4- 0.4 
0.9  -4- 0.7 
Agar* -4- S.D. 
18.8  -4- 4.6 
25.8  -4-  5.7 
1.2  -4- 0.4 
1.6  4-  0.9 
A 
16.6 
22.7 
0.6 
0.7 
* I mg. agar per ml. serum; 15 minute contact.  Results expressed in #x~ of substrate hy- 
drolyzed per hour per milliliter of serum. Means of 6 experiments. 
TABLE V 
Protease Activation of Rat Serum by A gar 
Substrate 
TAMe ......................... 
BAEe ......................... 
ATrEe ........................ 
ATyEe ........................ 
Control 4- S.D. 
4.9  -4-  1.5 
10.1  -4-  2.2 
1.2  -4- 0.3 
0.4  -4- 0.1 
Agar -4- S.D. 
12.5  q-  4.0 
25.2  -4- 4.6 
4.6  -4-  1.2 
3.0  -4- 0.9 
7.6 
15.1 
3.4 
2.6 
Means of 8 experiments, 1 rag. of agar added to 1 ml. of serum. Kept in contact for 15 
minutes before precipitation.  Results expressed in #M of substrate  hydrolyzed per hour per 
milliliter of serum. 
exceeded 3 to 4 times the volume of fluid injected. In the unprepared animals, 
the  exudate  is  reabsorbed  within a  few  hours while in the  pertussis-treated 
mice it persists until death which occurs 30  to  60 minutes after peptone in- 
jection. Peritoneal  exudate  was  collected  from  both  groups  of  animals and 
tested for protease activity. It is seen in Table VII that in the pertussis-treated 
group there was a  marked increase in activity on the synthetic substrates. In 
no  case,  however,  did  the  samples  have  any  fibrinolytic or  kinin-forming 
activity. 
Urinary  Proteases.--in  a  few experiments, urine was collected from guinea 
pigs before and after subjecting them to anaphylactic or peptone shock.  An- 
aphylactic shock was produced by intracardial injection of 2 rag. of egg albumin G.  UNGAR,  T.  YAMURA,  J.  B.  ISOLA,  AND  S.  KOBRIN  367 
to  sensitized  animals.  Out  of  12  guinea  pigs  so  treated,  4  died  within  a  few 
minutes.  The  remaining 8  animals showed  signs  of  shock  but  survived for at 
TABLE  VI 
Aaion of Peptone on Mouse Serum 
Pertussis  mice 
Globulin 
Control .................... 
Peptone .................... 
Albumin 
Control ..................... 
Peptone .................... 
Whole serum 
Control .................... 
Peptone .................... 
Normal mice 
Globulin 
Control .................... 
Peptone .................... 
Albumin 
Control .................... 
Peptone .................... 
Whole serum 
Control .................... 
Peptone .................... 
TAMe  BAEe  ATrEe  ATyEe 
21.0 
8.1 
106.5 
108.0 
174.0 
177.0 
25.9 
24.7 
97.0 
94.5 
159.0 
169.5 
68.2 
12.7 
170.5 
183.0 
286.0 
273.0 
60.0 
66.0 
164.5 
185.0 
249.0 
246.0 
1.0 
0.8 
49.1 
55.3 
82.5 
79.5 
1.3 
1.1 
42.6 
45.1 
96.4 
93.8 
2.4 
1.0 
20.1 
19.6 
54.0 
48.6 
1.8 
1.9 
26.3 
25.0 
46.7 
46.8 
Results expressed in/~m suhstrate hydrolyzed per hour per milliliter of serum. 
TABLE  VII 
Protea~e Activity of Mouse Peritonea2 Exudate after Peptone  Injection 
TAMe -4- s.D.  BAEe  -4- s.v.  ATrEe  -4- s.v.  ATyEe  -4- s.v.  N 
Control .....  5.7  -4-  2.1  9.4  -4-  3.6  10.5  -4-  3.5  5.1  -4-  1.8  12 
Pertussis.  20.0  -4-  3.2  23.4  4-  5.1  26.3  4-  6.0  14.1  4-  4.0  25 
X.  14.3  14.0  15.8  9.0 
Results expressed in #~ substrate hydrolyzed per hour per milliliter of exudate. 
least  4  hours.  Their  urine  was  collected  for  a  few  hours  before  and  4  hours 
after the challenging injection. Proteolytic activity on three synthetic substrates 
is shown in Table VIII. A  marked  increase in activity was observed during the 
first  2  hours.  Fibrinolytic  activity  also  showed  an  increase,  as  described  pre- 
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Far  greater  increases  were  measured  in  the  urine  of  guinea  pigs  subjected 
to peptone  shock.  Table IX  lists  the  results of 4  experiments,  each done on 6 
TABLE  VIII 
Urine Protease Activity in A naphylactic Shock 
Control ............................  TAMe  0.7  BAEe  0.1  ATyEe  0.05 
2 h~,s  ..............................  8.0  4.6  6.5 
4  ...........................  3.2  2.2  -- 
Pooled urines of 8 guinea pigs. Results expressed in #M of substrate hydrolyzed per hour 
per milliliter of urine. 
TABLE  IX 
Urine Protease Activity in Peptone Shock 
Peptone shock, 150 mg. 
Control ................................................ 
2 hrs  ................................................... 
3h  .................................................... 
Peptone shock, 300 mg. 
Control ............................................... 
3 hrs  ................................................. 
4  ~  ................................................ 
18  ".  ............................................... 
Peptone shock, 300 mg. 
Control ............................................... 
3 hrs  ................................................. 
4  "  ................................................ 
18  "  ................................................ 
Peptone shock, 300 mg. 
Control ............................................... 
2 hrs  ................................................. 
3  ~  ................................................ 
24  "  . ...............................................  . 
TAMe 
0.6 
15.0 
2.3 
1.3 
250.0 
7.1 
1.5 
3.1 
115.0 
158.5 
18.0 
1.0 
46.7 
110.5 
8.2 
6  guinea pigs in each experiment.  Results expressed  in/zM of substrate hydrolyzed per 
hour per milliliter of urine. 
guinea pigs.  Proteolytic activity,  as measured  on TAMe  hydrolysis,  increased 
to  a  very  considerable  extent  during  the  first  2  to  3  hours  after  peptone  in- 
jection.  Fibrinolytic  and  kinin-forming  activity  also  increased  more  than  in 
anaphylaxis. 
Protease  Activation  in Guinea  Pig Lung.--We  have  shown  previously  the 
appearance  of proteolytic  activity  on  addition  of  the  specific antigen  to  lung TABLE X 
Protease Activity  of  Sensitized  Guinea Pig  Lung 
ATyEe  TAMe 
Day 
C  AS  A  c  Ag  A 
27.7 
27.7 
34.8 
26.2 
33.5 
15.2 
26.3 
25.9 
35.2 
26.2 
27.3 
15.2 
--1.4 
--1.8 
0.4 
0 
--6.2 
0 
i0.95 
9.8 
20.5 
17.4 
8.0 
17.4 
Mean..  27.5  26.0  -- 1.5  14.0 
4- S.D  ........  6.9  4.2  2.3  5.1 
28.1 
23.7 
21.0 
29.4 
28.2 
41.4 
30.8 
21.8 
19.2 
20.5 
26.3 
36.2 
--2.7 
1.9 
1.8 
8.9 
1.9 
5.2 
10 
10 
14 
14 
16 
16 
10.7 
16.5 
14.3 
18.7 
13.4 
19.6 
10.25 
8.9 
21.5 
17.4 
9.4 
21.0 
--0.7 
-0.9 
1.0 
0 
1.4 
3.6 
14.8  0.8 
5.9  1.7 
13.4 
16.5 
20.5 
20.5 
18.1 
22.8 
2.7 
0 
6.2 
1.8 
4.7 
3.2 
Mean ....  25.8  28.6  2.8  15.5  18.6  3.1 
4- S.D  ........  6.6  7.0  3.9  3.4  3.4  2.2 
40.1 
34.4 
26.3 
31.2 
22.3 
29.5 
18.3 
25.5 
17.8 
16.1 
20 
20 
22 
22 
24 
5.4 
6.8 
1.9 
10.3 
12.7 
8.5 
12.3 
12.5 
10.3 
11.2 
16.5 
20.1 
32.6 
8.5 
26.3 
23.2 
19.0 
21.0 
12.5 
14.75 
24 
25 
25 
28 
28 
45.5 
41.2 
28.2 
41.5 
25.0 
38.0 
30.6 
38.0 
28.1 
27.3 
11.6 
17.0 
23.7 
5.7 
24.5 
19.7 
10.7 
10.7 
8.0 
14.75 
4.9 
3.1 
8.9 
2.8 
1.8 
3.5 
8.3 
10.3 
4.5 
0 
Mean.  ..  26.15  34.3*  8.15  14.6  19.4  4.8 
-4- S.D  ......  7.8  7.3  3.5  6.3  6.9  3.3 
38.8 
27.3 
27.3 
15.85 
14.3 
16.6 
13.4 
9.8 
13.4 
1.3 
7.6 
1.0 
37.5 
19.7 
26.3 
31 
31 
32 
2.45 
4.5 
3.2 
32 
34 
34 
38 
38 
20.1 
22.8 
22.8 
27.7 
18.3 
23.2 
24.1 
27.2 
27.7 
19.0 
3.1 
1.3 
4.4 
0 
1.7 
10.8 
10.7 
12.3 
21.9 
10.25 
10.3 
16.1 
12.5 
22.3 
14.3 
-0.5 
5.4 
0.2 
0.4 
4.05 
Mean..  24.4  26.9  2.5  12.8  15.3  2.5 
±  S.D  .......  6.2  6.2  2.9  3.9  3.5  2.4 
41  4.0 
5.4 
0.4 
--0.4 
--1.3 
4.4 
41 
42 
42 
48 
48 
9.8 
13.6 
30.4 
15.6 
10.25 
18.3 
31.3 
21.9 
30.8 
30.4 
35.3 
51.7 
11.2 
33.5 
17.0 
11.15 
19.2 
27.3 
16.5 
30.4 
30.8 
36.6 
47.3 
1.4 
3.1 
1.4 
0.9 
0.9 
Mean ........  31.5  33.6  2.1  16.3  18.4  2.5 
-4- S.D..  10.2  9.9  2.8  4.6  9.1  1.4 
* Significantly different from control (P ---- 0.02 -- 0.01) 
369 370  PROTEOLYSIS AND ALLERGY 
slices taken from sensitized guinea pigs  (6,  10).  In the  present experiments, 
protease activity was  tested on the synthetic amino acid ester substrates in 
control and antigen-treated (5  rag.  egg  albumin per  flask)  slices.  The  same 
guinea pigs in which serum activation was tested were used for lung proteolysis. 
TABLE XI 
Protease Activity  of Guinea Pig  Lung  in  Reverse Anaphylaxis 
Subst~ate 
TAMe. 
BAEe. 
ATrEe. 
ATyEe.. 
Control 
15.7  4-  3.5 
15.8  4- 3.2 
12.3  4- 2.9 
31.0  4-  8.6 
Normal rabbit  serum 
o.1  ml.  O.3 ml. 
:21.0 "4-  6.126.3  "4-  7.8 
23.3  4-  6.338.3  4-  10.2 
12.3  -4- 3.0 12.3  4-  3.0 
31.0  4-  8.031.5  "4-  9.6 
Anti guinea pig serum 
0.1 ml.  0.3 nil. 
22,9  4-  7.041.1  4-  11.5 
30,2  4-  9.052.6  4-  14.2 
17.2  4-  4.1 18.5  -4-  5.3 
35,8  4-  8.636.0  4-  10.0 
0.1  0.3 
nil.  ml. 
1.9 14.8 
6.9 14.3 
4.9  6.2 
4.8  4.5 
Means of 6 experiments. Results expressed in #~ of substrate  hydrolyzed per hour per 
gram of tissue (wet weight). 
TABLE XII 
Protease Activation in Human Skin Slices 
1.  Control... 
Poison ivy.. 
Croton oil.. 
2.  Control 
Poison ivy. 
Croton oil. 
3.  Control 
Poison ivy. 
Croton oil.. 
TAMe  BAEe  ATrEe  ATyEe 
25.2 
40.0 
28.3 
16.8 
12.5 
14.2 
22.8 
27.7 
90.0 
15.7 
47.0 
79.3 
14.1 
14.4 
20.0 
34.3 
22.8 
49.5 
27.5 
27.4 
28.3 
14.0 
15.1 
30.2 
24.9 
17.9 
20.8 
78.8 
70.4 
91.3 
49.3 
46.0 
69.0 
71.5 
48.1 
65.6 
Results expressed in #~ substrate  hydrolyzed per hour per gram of tissue (wet weight). 
Table X  shows that significant activation occurred in the hydrolysis of ATyEe 
during the 20 to 30 day period. There was also some increase on TAMe but 
not significant enough because of wide individual variations. Fig. 2 summarizes 
the course of the phenomena during the 48 day observation period. 
The same procedure was applied to reverse anaphylaxis. Addition of  anti- 
guinea pig  rabbit  serum  to  lung  slices  from  normal  guinea  pigs  increased 
protease activity on all four substrates. The significance of the results, however, 
is  difficult  to  evaluate  because  rabbit  serum  apparently contains proteases G.  UNGAR~  T.  YAMURA~  3.  B.  ISOLA~  AND  S.  KOBRIN  371 
acting  on some of the substrates used.  The amount of activation represents 
the difference between the activity obtained with the antiserum and the normal 
rabbit serum. It is worth noting that the pattern of substrate affinity is different 
from that  seen in  direct anaphylaxis  (Table XI). 
x  TAMe 
BAEe 
=  /~  o ATrEe 
S 
4 
w  2 
?no 
I0  20  30  40  50 
DAYS 
Fro, 2. Protease activity on four synthetic substrates in lung slices from sensitized guinea 
pigs. Abscissa: days after  sensitization; ordinate: difference between antigen-treated and 
control samples. Hydrolysis of TAMe, BAEe, ATrEe, and ATyEe. Each point represents 
the mean value over a 10 day period. For details, see Table X. 
Protease Activation  in Human Skin.--Slices from three specimens of human 
breast skin were tested with the same procedure. The activating agents used 
were an extract of poison ivy (0.1 ml. per flask) to which a large proportion of 
the American population is known to be sensitized and a non-specific irritant, 
croton oil  (0.1  ml. per flask). Table XII shows that in one out of the three 
specimens  poison  ivy  produced  activation  of  TAMe,  BAEe,  and  ATyEe 
hydrolysis. Croton oil activated an enzyme acting on BAEe in all three skin 
samples. 
DISCUSSION 
The problem of the role of proteases in the allergic response and in the reac- 
tion of tissues to injury in general has received increasing attention in the last 
10 years. With  the growing number of publications,  however, contradictions 372  PROTEOLYSIS  AND  ALLERGY 
appeared  resulting  in  a  large  degree  of confusion.  In  the  following discussion 
an attempt  will be made to clarify the situation to the extent to which present 
day knowledge makes it possible. 
A first contradiction has been a denial of any protease activation in the allergic reaction (17, 
18) or at least in the antigen-antibody reaction (19). Such a position is hardly tenable today 
in view of the overwhelming evidence reviewed in 1958 (13) and the additional data on peptone 
and  polysaccharide activation (24,  25,  19), anaphylactie proteolysls in serum  (26),  and  in 
tissue cultures (27). The results reported in this paper may explain why anaphylactic activa- 
tion is more difficult to demonstrate than that produced by anaphylactoid agents. 
A second argument is that while protease oztivation can be observed under certain conditions, 
it may be merely an experimental artifact witkout bearing on the meckanisra of the altergi~ response 
(20, 38). This objection can be answered first by the correlation between the in vitro activation 
and  the in ~ivo observations on protease increase in the urine as seen above and  in blood 
observed after injection of bacterial lipopolysaccharides (endotoxins)  (23).  In dvo  increase 
in tissue proteases was also observed in anaphylactic conditions (21,  41).  Another striking 
correlation between enzyme activation and shock is the one seen above in the peritoneal fluid 
of mice. 
A  further  answer  to  the  objection  is  the parallelism  between  protease  activation  and 
serotoxin formation. The latter phenomenon was  discovered by Bordet  (42) and  its study 
has  more recently  been  resumed  under  the  somewhat  misleading  name  of  anaphylatoxin 
(43,  44).  In  1949  (7),  we assumed  that  serotoxin formation was correlated with protease 
activation but toxification of the serum was not due directly to the protease but to a hypo- 
thetical activator we called serokinase (8). It is possible that protease activation, as detected 
in the gobulin fraction of serum, is merely an indication of the really important phenomenon 
which has taken place in the whole serum. The problem is becoming even more complex if 
we consider that in mouse serum peptone can cause a decrease in the protease activity of the 
globulin fraction. A similar phenomenon was described in anaphylactic activation of guinea 
pig serum (39). A further paradox is that a far greater activation of guinea pig serum is caused 
by peptone than by the specific antigen although guinea pigs are more sensitive to the latter. 
On  the whole, however, protease  activation occurs consistently in  the presence of shock- 
producing or serotoxin forming agents. 
Another position is that, if enzymatic  mechanisms  exist in the allergic response, the enzyme 
involved is not a protease. This type of objection is very largely due to a confusion in terminology 
to which we may have contributed in our early work. The enzyme which resulted from the 
activation process was called fibrinolysin in the etymological meaning of the term of an en- 
zyme hydrolyzing fibrin or fibrinogen,  these substrates having been used in most experiments. 
Later on, the more general term protease was used and as soon as it became apparent  that 
body fluids and tissues contain many proteolytic enzyme systems, we admitted our ignorance 
as to the precise nature of the protease activated. Far from advocating the exclusive role of 
plasmin  (45),  we pointed  to the possibility of unknown  proteinases  and  peptidases  being 
involved and furnished evidence against plasmin (10,  11). 
The confusion further increased when some enzymes implicated in activation phenomena 
were called "esterases" because their activity was measured by the hydrolysis of synthetic 
amino acid esters (28, 46).  The use of these compounds as substrates for proteases was pro- 
posed in 1948 because they are "structural analogues of the typical amide substrates"  (47). 
They  are widely used  because  of technical  advantages.  Enzymes which  split  amino  acid 
esters do not touch, as a  rule, any naturally  occurring ester and  typical esterases  (lipase, 
cholinesterase, phosphatase)  do not hydrolyze amino acid esters. G. UNGAR,  T.  YAM'URA)  J. B. ISOLA, AND  S. KOBRIN  373 
Nevertheless, the name esterase was given to the enzyme activated by the autigen-anti- 
body reaction in the presence of C11 (28,  46)  or to the peptone-activated guinea pig serum 
protease  (19).  The fact that they do not attack any known protein  substrate  does not dis- 
qualify these enzymes as proteases. It is well known that some proteolytic enzymes have a 
very high specificity and they may split only one or a  small number of natural substrates. 
The best known examples are thrombin,  reuin, and insullnase.  Among the proteases which 
may  be implicated  in  some of  the  activation phenomena,  kaIlikrein,  Miles' permeability 
factor  (PF/Dil)  (48),  and  the  various  plasminogen  activators  are  probably  such  specific 
proteases. 
An interesting category of enzymes which has a definite bearing on the mechanism of the 
allergic response is that  of the  "plasma-kinin-forming" enzymes  (49).  Plasma kiuins,  the 
prototype of which is bradykiuin,  are known to increase in anaphylaxis and peptone shock 
(50).  Since kinin formation is essentially the splitting off of a  po]ypeptide fragment from a 
precursor protein,  the kinin-fornfing enzyme must  be a  protease.  Furthermore,  many pro- 
teases are known to release kinins, as will be seen below (Table XIII). 
In the realm of definitely non-proteolytic enzymes, a hypothesis of Feldberg and Kellaway 
on the possible role of ledthinases (51) h~s been revived recently (52, 53). The evidence, at 
present, is limited to the action of the histamine liberator 48/80 on mast cells. In any case, 
the protease hypothesis does not exclude the possibility of other enzymes being involved in 
the sequence of events leading to the allergic response.  The negative argument that application 
of proteases does not induce histamine release in mast cells (53) has little value. At least three 
types of proteases have been described in mast cells;  a  trypsin-type enzyme (54),  a  leucine 
amino peptidase (55), and especially a chymotrypsin-like protease (56) whose properties are 
similar to the enzymes activated in guinea pig lung and mouse peritoneal fluid. It is probable 
that the release of histamine is associated with the intracellular activation of these enzymes 
rather than with extraceliular proteases. 
In confirmation of earlier observations (57),  Mongar and Schild (58, 59) showed that the 
allergic response of guinea pig lung slices, as measured  by histamine release,  is decreased  by 
anoxia and a number of metabolic inhibitors (iodoacetate, cyanide, azide, dinitrophenol,  and 
p-chioromercuribenzoate). These observations were interpreted as indicating the role of some 
unknown  non-proteolytic enzyme system  in histamine release,  presumably  involved in gly- 
colysis and cell respiration. 
These observations as well as some more recent  ones  (60, 61)  merely indicate that  the 
allergic response can be elicited only in cells with intact metabolic functions. Cellular response 
to allergic stimuli can be interpreted as an excitation phenomenon which fails if the cell has 
lost its excitability. 
The last type of objection states that protease (wtiration is not specifw for the allergir, re- 
sponse; it is merely an indication of tissue injury (62, 63).  It is true that protease activation 
is probably  a  non-specific  response of the cell to many stimuli: heat  (64),  radiations  (65), 
electric current  (66).  It is seen in Table XIII that human skin frozen previously produces 
maximal activation of proteases. The specific antigen acts as a stimulus on antibody-contain- 
ing cells. The role of proteins and proteases in cellular excitation has been reviewed elsewhere 
(67). 
In any case,  activation of proteases in cell-free body fluids cannot be the consequence of 
cell damage and is probably the result of a more specific and more complex process.  This is 
suggested by the different types of enzymes activated by the antigen-antibody reaction and 
the  anaphylactoid  agents.  A  causal  relationship  between  protease  activation  and  allergic 
response is also suggested by the fact that the latter can be prevented by the use of such 
protease inhibitors as salicylate (10, 68, 58), SH reagents (21, 58), and DFP (29). 374  PROTEOLYSIS  AND  ALLERGY 
The choice of synthetic substrates in the present work was dictated by two 
considerations: to  be  able  to  obtain as  quantitative results  as  possible and 
also  to  take  advantage of  the  substrate specificity of  different types of pro- 
TABLE XIII 
Action of Proteases  on Amino Acid Esters,  Fibrinolysis,  and Kinin Formation 
Enzyme  TAMe  BAEe  ATrEe  A'ryEe 
Trypsin. 
Chymotrypsin. 
Papain. 
Human plasmin ..... 
Bovine plasmin. 
Uroldnase. 
Serum kallikrein. 
Pancreatic kallikrein .... 
Urinary kallikrein. 
['hrombin. 
Guinea pig serum anaphylaxis ...... 
Guinea pig serum peptone. 
Guinea pig serum agar. 
Rat serum agar. 
Mouse peritoneal exudate. 
Guinea pig urine anaphylaxis. 
Guinea pig lung anaphylaxis. 
Human skin control. 
Human skin frozen. 
Human C'I esterase* (70) 
Guinea pig C'1 esteraset  (45) 
Mast cell "chymotrypsin"[I (56). 
PF/Dil¶ (45). 
906.0  526.0  i  0  20.0 
8.2  8.3  313.0  674.0 
8.8  43.2  1.4  0.4 
19.9  34.9  1.9  0.8 
2.1  3.2  0.2  0.2 
5.7  19.5  3.3  8.8 
2.85  3.8  o.1  o.1 
14.6  222.0  ]128.5  264.0 
1.7  1.81  o  o 
4.1  3.7  0.1  0 
5.4  4,2  1.2  2.0 
26.2  33.9  1,6  4.0 
18.8  25.8  1.2  1.6 
12.5  25.2  4.6  3.0 
20.0  23.4  26.3  14.1 
8.0  4.6  ?  6.5 
19.4  14.1  18.5  34.3 
21.6  21.4  22.1  66.5 
153.7  209.0  62.2  60.4 
7.2  2.8§  0.5  14.4 
2.3  1.0§  ?  1.0 
0  ?  70.0  166.0 
+  +  I  0  0 
I 
Kinln  Fibrino-  forma- 
lysls  tion 
+  + 
+  0 
+  ? 
+  + 
+  + 
+*  + 
0  + 
+  + 
0  + 
0  0 
+  + 
+  + 
+  + 
0  0 
0  0 
+  + 
+  + 
+  + 
+  + 
0  ? 
0  ? 
?  ? 
0  ? 
Results expressed in/~M of substrate  hydro]yzed per hour per milligram of enzyme, per 
milliliter of serum, urine, or exudate or per gram of tissue. 
* Active only in the presence of plasminogen. 
:~ Enzyme concentration not specified. 
[] Per 10  6 cells. 
¶ No quantitative data available. 
§ Tested  on  benzoyl-L-argirdne methyl  ester  (BAMe). 
teases and, in this way, gain some information as to the nature of the activated 
enzymes. 
The upper part of Table XIII shows the effect of some crystalline or more 
or  less  highly purified proteases  on  synthetic amino acid  esters,  fibrinolysis 
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above and by data taken from the literature on a few physiologically significant 
proteases.  The table shows the characteristics  of the three conventional types 
of  proteases,  trypsin-,  chymotrypsin-, and cathepsin-types  (the latter  rep- 
resented by papain).  It is seen that plasmin,  usually classified in the trypsin 
group, can be distinguished by its higher affinity  for BAEe than TAMe. There 
is, however,  still  considerable  doubt whether plasmin is a  well defined enzy- 
mological entity or a family of closely related enzymes. Even more uncertain 
is the status of the various plasminogen activators of which urokinase  is the 
best  known. The  widely diverging  substrate affinities of  the three  types of 
kallikreiu make it doubtful whether their common designation  has other than 
historical  grounds.  Similarity between serum kallikrein  and PF/Dil has been 
pointed out by several  workers  (36, 13). PF/Dil may be  implicated in an- 
aphylactoid activation of guinea pig  serum (68). 
It is most probable  that all the activated enzymes are mixtures of several 
proteases.  Their main substrate specificities would, however,  class the serum 
proteases as trypsin- or plasmin-like. The proteases present in mouse peritoneal 
exudate and guinea pig  lung have chymotrypsin-like characteristics,  similar 
in this  to  the mast cell protease  described  by Benditt and Arase  (56). An 
interesting property of the rat and mouse enzymes is their higher affinity for 
ATrEe than ATyEe which is unlike any other known protease.  Whether this 
has anything to do with their role on the liberation of 5-hydroxytryptamine, 
remains to be investigated. 
For further characterization of the  enzymes they were  submitted to  the 
action of inhibitors.  Table XIV shows that pancreatic kallikrein,  one of the 
guinea pig lung proteases and the human skin enzyme are activated by cysteine 
and inhibited by PCMB in a way characteristic for cathepsin-type proteases. 
It is  worth noting that plasmin and other serum  and urine proteases  share 
with chymotrypsin the property of being inhibited by cystelne and salicylate. 
The latter  property  was described  by us for  plasmin  (69) and guinea pig 
lung protease (10). Salicylate was also shown to inhibit histamine release from 
guinea pig lung (56). 
Another  protease  inhibitor  diisopropyl-fluorophosphate  (DFP)  has  been 
widely studied and was shown to inhibit the so called C'1 esterase,  peptone- 
activated guinea pig serum,  PF/Dil and plasmin.  DFP is known to inhibit a 
number of other proteases and also some true esterases. Recently, it was shown 
to inhibit histamine release from sensitized  guinea pig lung (29) although it 
does not inhibit the formation or action of anaphylatoxin (45). 
These comparative studies did not allow the identification of the proteases 
involved in the allergic reaction because there is no known enzyme with which 
they could be identified. In serum and other body fluids, the activated proteases 
have  certain  similarities  with  plasmin;  cellular  proteases  are  either  of  the 
cathepsin- or the chymotrypsin-type or mixtures of both. 376  PROTEOLYSIS AND ALLERGY 
The  mechanism  by  which  proteases  act  in  the  allergic  reaction  is  most 
probably the initiation of a complex chain of reactions involving several enzyme 
systems. The activated enzymes may act directly by attacking such structures 
as the endothelial lining and the ground substance  of the capillary wall. The 
principal mechanism  by  which  they  elicit  the  allergic response,  however,  is 
probably the formation or release of active substances such as plasma kinins, 
serotoxin, histamine, 5-hydroxytryptamine, and other lesser known or unknown 
TABLE XIV 
Action of Inhibitors on Proteases 
Enzyme 
Trypsin ................................ 
Chymotrypsin  .......................... 
Papain ................................. 
Plasmin ................................ 
Urokinase .............................. 
Serum kallikrein  ........................ 
Pancreatic kallikrein  .................... 
Urine kallikrein  ......................... 
Thrombin .............................. 
Guinea pig serum anaphylaxis  ............. 
Guinea pig serum peptone ................ 
Mouse peritoneal exudate ................ 
Guinea pig lung anaphylaxis (TAMe) ...... 
Guinea pig lung anaphylaxis (ATyEe) ..... 
Human skin ............................ 
C'I esterase  (45, 70) ..................... 
PF/Dil  (48)  ............................ 
Histamine liberation (25,  59)  .............. 
Cysteine 
5  X  101 ~t 
0 
+ 
0 
+ 
m 
0 
+ 
+ 
? 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
? 
? 
PCMB  SBTI 
10  -~ M  100 ~g. 
0 
0 
0 
0 
0 
m 
0 
0 
0 
? 
0 
Q 
Na  salicylate 
5 X  101 z~ 
0 
Q 
0 
0 
0 
0 
0 
0 
? 
? 
0 
+, activation; -,  inhibition; 0, doubtful effect at concentration used; 0, no effect;  ?, un- 
known. 
mediators. This may be the result either of direct hydrolysis as in kinin forma- 
tion  or  some  indirect  action  involving  merely  structural  changes  in  protein 
molecules to  which  the mediators are loosely bound. 
SUMMARY 
Protease activity was measured  through  the hydrolysis of synthetic amino 
acid esters in body fluids and  tissues of guinea pigs, rats, mice,  and humans. 
Significant in vitro activation was observed in serum and lung slices of sensitized 
guinea pigs on addition of the specific antigen.  Increased proteolytic activity 
was also seen in reverse anaphylaxis. More marked activation occurred when G.  UNGAR,  T.  YAMZrRA~ J.  B.  ISOLA~ AND  S.  KOBRIN  377 
guinea pig serum was treated with peptone and guinea pig or rat serum was 
treated  with  agar.  Protease  activation  was  demonstrated  in  specimens  of 
human  skin  under  the  influence  of  a  poison  ivy  extract  or  croton  oil 
added in vitro. 
Urinary protease activity of guinea pigs increased significantly during the 
first hours of anaphylactic shock and very markedly in peptone shock. Peptone 
shock,  elicited in mice pretreated with H.  pertussis,  was accompanied by a 
considerable increase in protease activity in the peritoneal fluid as compared 
with non-pretreated mice which were insensitive to peptone. 
Proteolytic activity resulting from the activation procedures was due to a 
number of proteases. The dominant substrate affinity and inhibition patterns 
suggest that serum and urine proteases are similar to but not identical with 
plasmin.  Anaphylactic  activation  exhibited  patterns  different  from  those 
resulting from the action of anaphylactoid agents. Tissue enzymes are either 
of cathepsin- or chymotrypsin-type or mixtures of both. 
Some  of  the  activated  enzymes, although remarkably effective in hydro- 
lyzing amino acid esters, show no activity on protein substrates. This does not 
justify, however,  their designation as "esterases."  They probably belong to 
the class of specific proteases acting only on a single or a small number of func- 
tionally significant protein  substrates. 
There is at present sufficient evidence to prove not only that protease activa- 
tion does occur in anaphylaxis and anaphylactoid conditions but also that it is 
an  important  component  of  the  chain  of  reactions  leading  to  the  allergic 
response. 
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